G-Quadruplex and I-Motif Structures within the Telomeric DNA Duplex. A Molecular Dynamics Analysis of Protonation States as Factors Affecting Their Stability.
Molecular dynamics simulations were employed to study the properties of G-quadruplex and i-motif secondary DNA structures formed within the canonical telomere fragment of the Watson-Crick duplex. These secondary structures were built symmetrically in the same place of the duplex and were subjected to the analysis in standard unbiased simulations and using metadynamics scheme for the determination of potential of mean force associated with the enforced unfolding of the i-motif parts of the systems. Also, enforced formation of i-motif structures, starting from partially unfolded duplex, were studied in order to find whether formation of i-motif facilitates spontaneous formation of G-quadruplex. We found that i-motif formed from single stranded DNA is unstable at neutral pH and room temperature. On the other hand, the i-motif is strongly stabilized by the presence of complementary G-quadruplex, which should be the most likely configuration when these secondary structures form from double stranded DNA. The stabilization is observed either in neutral or in acidic pH though in the neutral case the i-motif can also reveal considerable stability in the hairpin configuration. We did not observe spontaneous folding of the guanine-rich strand into the G-quadruplex when the cytosine rich strand was dragged to i-motif configuration. This observation suggests that both folding and unfolding transitions are kinetically blocked.